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We consider the problem of orbital stability of the motion of a test particle in
the restricted three-body problem, by using the orbital moment and its time
derivative. We show that it is possible to get some insight into the stability
properties of the motion of test particles, without knowing the exact solutions
of the motion equations.
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The relativistic equation of translational motion of a test body in the
field of two bodies in general relativity (GR) mechanics, corresponding
to the circular restricted three-body problem was investigated in Ref. 1.
The evolution equations of motion can be studied by using the asymptotic
methods of adiabatic theory, according to which the vector elements ~M
(orbital moment) and ~A (Laplace vector) provides information about the
stability properties of a test body orbit2,3.
If we assume that the relativistic corrections to the motion of a test
particle satisfy following limits
U1 << c
2, U2 << U1, U1/U2 ≈ v
2/c2, (1)
where U1 and U2 are the potentials of the central and second body, respec-
tively.
The Hamilton function of the system can be written as1
H = H0 +Hrel, (2)
where H0 and Hrel are the classical and relativistic Hamilton functions.
We can find the evolution equations of motion of the test particle (third
body), which describes the average change of its orbital momentum
~M = [~r3, ~p3] = ~M0 + ~Mrel, (3)
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and its time derivative
~˙M =
[
~˙r3, ~p3
]
+
[
~r3, ~˙p3
]
= ~˙M0 + ~˙Mrel, (4)
where
~˙r3 =
∂H
∂~p3
, ~˙p3 = −
∂H
∂~r3
. (5)
In order to obtain the evolution equations of motion one needs to integrate
the Eq. (4) for a repetition period of the system configurations T (synodic
period of the test body):
~˙M =
1
T
∫ T
0
~˙Mdt. (6)
It is clear that if the test particle is moving on a circular orbit, then the
integral (6) is equal to zero1. If the particle is moving in nearly circular
orbit with small values of the eccentricity, the equations of motion (5) and
(6) are very complicated to be solved analytically. However, if we assume
that rkep
rkep =
p
1 + e cosϕ
(7)
is the approximate solution of the restricted three-body problem, then by
using numerical methods, we can integrate Eq.(6) approximately. where e
is the eccentricity, p is the parameter of the orbit. In this manner, we can
analyze the stability properties of test particles. Thus, we avoid the diffi-
cult problem of finding exact solutions of the three-body problem and, we
analyze the stability properties of an entire class of approximate solutions.
In this way, we expect to get some insight into the physical properties of
the motion in the field of a three-body system.
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